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C H A P T E R I 
INTRODUCTION 
GENERAL FEATURES 
Bhopal is the capital city of Madhya Pradesh and 
lies over parts of Survey of India toposheets 55E/7 and 
55E/8 in Central India (Fig. 1, inset). It occupies an area 
of about 2708 Km^. Bhopal lies between north latitudes 23° 
5'and 23° 54' and east longitudes 77° 10' and 77° 40'. The 
Bhopal district is bounded by Guna on the north, Vidisha on 
the northeast, Raisen on the east, and Sehore and Rajgarh 
districts on the southwest and west respectively (Fig. 1) . 
It is well connected by Delhi-Bombay and Delhi-Madras main 
railway line and is connected with many parts of the country 
also by Air, Rail and Road. 
PHYSIOGRAPHY AND DRAINAGE 
Bhopal district forms a part of the Malwa Plateau 
with conspicuous undulating topography. The eastern part of 
Phanda block, and a major part of Bhopal city, is occupied 
* 
by the Vindhyan hills. These hills were knwon in ancient 
days as the Vindhyandri and often referred in the past as 
Riksha mountains. The highest elevation is about 625 m above 
mean sea level (MSL) lies at Singar Choli- a hillock of 
Vindhyan range near Bhopal airport. The lowest elevation is 
Fig. 1: Geological map of the study ai ea 
situated near Padrijat village in Phanda block. 
The district occupies parts of two river 
subbasins: (1) Betwa river basin covers an area of about 82% 
while (2) the lower Chambal basin covers 18% area. The 
district is drained by river Betwa with its main tributaries 
of Kalyasot, Kerwa, Halali and Kolans. The River Parwati 
forms the western boundry of the district and drained by its 
main tributaries. 
In addition, there are several prominent hills 
such as Shamla hill, Idgah hill, Arera hill, Bhadbhada hill 
and Char Imli hill. There are two lakes, one within the 
premises of the city and gives a beautiful panoramic view to 
the city. The lake level is around 500 m while the hills 
rise up to 604 m above the mean sea level. The main feeder 
river to the Upper Lake is Kolans river flowing through the 
western side of the city. In addition to this, several other 
nalas flowing from western, northern and southern sides also 
feed the lake. The overflow of the lake is on the southern 
side through Bhadbhada and the water is fed to the Kaliasote 
nadi which finally joins Betwa river. The lower lake is fed 
by Vanganga nala from the southeastern side and the outlet 
is on the northwestern side from below the Pulpokhta and the 
river is fed to the Patra nadi which later joins the Halali 
nadi . 
CLIMATE 
The climate of the Bhopal city is characterised by 
a hot summer and rain fall during the southwest monsoon 
season. The winter commences from middle of November and 
lasts till the end of February. The period from March to 
about first week of June is the summer season. May is the 
hottest month of the year. The southwest monsoon starts from 
middle of June and lasts till the end of September. Month of 
October and middle of November experience the post monsoon 
or retreating monsoon season. The annual precipitation 
effectiveness of the district is about 63.7 mm (CGWB, 199 3) 
indicative of the humid climate resulting forest type 
vegetation. The summer season is the driest period of the 
year. The humidity comes down in April to about 27%. The 
average annual rainfall is estimated to be around 1154 mm 
(CGWB, 1993) . 
PURPOSE AND SCOPE 
Recent researchers have no doubt enhanced our 
understanding of Vindhyan sedimentation in different parts 
of the basin (Auden, 1933; Ahmad, 1962; Banerjee, 1964, 
1982; Singh, 1973, 1976, 1980; Mathur, 1976, 1982; Chanda 
and Bhattacharyya, 1982; Prakash and Dalela, 1982) 
particularly in relation to lithostratigraphy, tectonics and 
depositional environments (Ahmad, 1962; Crawford and 
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Compston, 1970). There are nevertheless several almost 
virgin areas about which sedimentological information is as 
yet vitally lacking for proper reconstruction of 
sedimentation history of Vindhyan rocks. The choice of the 
area (Bhopal) for the present investigation was influenced 
solely hy the above consideration. Even otherwise, the 
Vindhyan rocks of the Bhopal area hold a strategic location 
in terms of geologic setting in the proximity of Narmada-
Son lineament. A systematic study of the Vindhyan rocks in 
this part of the basin was, thus, considered essential for a 
proper understanding of Vindhyan sedimentation and 
paleodrainage pattern. 
The present study is mainly concerned with 
sedimentological investigation of the Upper Bhandar 
Sandstone exposed in the surrounding areas of Bhopal 
district, Madhya Pradesh in Central India (Fig. 1). The 
study aims at examining sedimentary facies, their lateral 
and vertical organizations, paleocurrent dispersal and 
petrography. The field work included identification and 
examination of sedimentary facies systematically. Outcrop 
sections were drawn and measured accurately. Orientation 
data from primary sedimentary structures was recorded and 
properly analysed according to a predesigned sampling plan, 
and also fifteen suitable rock specimens were collected for 
textural and petrographic study. Paleocurrent statistics for 
azimuthal data from cross-bedded units were computed and 
graphically plotted to prepare paleocurrent map. Textural, 
petrographic and heavy mineral study were undertaken to 
determine depositional process, nature and composition of 
provenance. 
The integrated results from facies analysis, 
paleoflow and paleodrainage, texture and petrography to a 
reasonable extent provide adequate evidence for 
reconstructing the sedimentation history and paleogeography 
during the deposition of the Upper Bhander Sandstone in this 
part of the Vindhyan basin. 
GEOLOGIC SETTING 
The Vindhyan Supergroup is divided, in ascending 
order, into four groups namely: the Semri, Kaimur, Rewa, and 
Bhander (Chanda and Bhattacharyya, 1982; Prakash and Dalela, 
1982). It is separated by unconformity. However, some 
workers (Auden, 1933; Ahmad, 1971; Mathur, 1981) do not 
consider the presence of unconformity between each Group. 
The existing stratigraphic sequence established by the 
G.S.I. (1977) in the Sone Vally is shown in Table-1. The 
Vindhyan Supergroup is largely undisturbed, flat lying and 
locally affected by faults in some parts of the basin (Naqvi 
and Rogers, 1987). 
The s t r a t i g r a p h i c success ion ( a f t e r GSI, 1977) ol 
the Vindhyan Supergroup in western Rajas than i s shwon in 
T a b l e - 1 . The t h i c k n e s s of each group i s based on the work ol 
Misra (1969), S r in iva sa Rao and Neelakantam (1978) . I s o t o p i c 
da t ing c a r r i e d out in Vindhyan rocks by Tugarino e t a l 
(1965) i n d i c a t e the age of about 1400 m.y. for the Lower 
Semri Group and 910 m.y. for Kaimur Group. La t e r , Crawford 
and Compston (1970) suggested the age of Kaimur Group about 
1140 m.y. According to Misra (1969) the age of the Vindhyan 
rock i s e s t ima ted t o be around 1400 t o 900 m.y. 
Table (1 ) : S t r a t i g r a p h i c success ion ( a f t e r GSI, 1977) of the 
Vindhyan Supergroup in western Rajas than ( t h i cknes s a f t e r , 
Misra, 1969; S r i n i v a s a Rao and Neelakantam, 1978) . 
Group Lithology 
Upper Bhander sandstones , sha le s and l imestone 
Sirbu sha les and l imestones ( s t r o m a t o l i t i c ) 
Bhander Group Lower Bhander sandstones and sha l e s 
(70-lOOC m' Samria sha les and l imestones ( s t r o m a t o l i t i c ) 
Lower Bhandaei l imestones 
Ganurgarh sha les 
Upper Rewa sandstone 
J h i r i sha les 
Rev.a Group Lower Rewa sandstones 
^29l^-l'7^ m' Panna shales 
Kaimui Gioup Kd:mur sandstones ,conglomerates and sha les 
(4993-3477 m) 
Tirohan l i m e s t o n e s , b r e c c i a , and hemat i te sha le s 
Suket sha les 
Jha i ra Patna sandstone 
Semri Group Nimbahara l imestone 
(—'3477 m) Nimbahara sha le s 
J i r a n sandstones 
Khori Malan conglomerate 
Bmota sha les and sandstones 
Sawa conglomerate, s ands tones , sha le s 
and p o r c e l l a n i t e 
Bhagwanpura l imestones 
Khardeola sandstones and sha les 
Khairmalia flows (andesi te) 
The rocks of the Bhander Group are well exposed in 
southeastern Rajasthan, adjoining par t s of Madhya Pradesh, 
and west of the Sone Valley section (Akhtar, 1976, 1978). I t 
i s r e p r e s e n t e d by 335 m t h i c k sequence comprsing the 
Ganurgarh shale at the base, succeeded by Bhander limestone, 
Sirbu shale, and Bhander sandstone at the top. The lowermost 
Ganurgarh sha le (20 m th ick) shows a conformable 
r e l a t ionsh ip with the underlying Rewa sandstone and the 
overlying Bhander limestone (Akhtar and Srivastva, 1976). 
The Bhander limestone contains micritic limestone, 
crystalline dolostone, siltstone, and shale (Akhtar, 1976-) . 
These rocks also exhibit desiccation structure, algal 
laminations, palisade structures, and sporadic occurrance of 
ripple marks and ripple cross-laminations (Chanda and 
Bhattacharyya, 1974). 
GEOLOGY OF THE STUDY AREA 
The study area forms part of the Vindhyan basin 
and eastern extension of the Deccan Trap exposing the 
sandstones of the Upper Bhander Group of rocks.It is 
unconformably overlain by Deccan Traps. Most of the valley 
and plains are covered by Deccan Trap while the Bhander 
Sandstone protrude out as high grounds or hillocks. 
Bhander Sandstone : 
The Upper Bhander Sandstone constitutes the most 
predominant rock type exposed in the area. It forms 
prominent and well defined cuesta with gentle dip slopes and 
near vertical obseguent slopes/scarps. 
The sandstone is reddish brown to purple in 
colour, coarse to medium and fine grained, often gritty and 
pebbly. Within the sandstone units, pebbly/conglomeratic 
beds (1-2 m thick) are generally present. The pebbles are 
subangular to subrounded embedded in a sandy or gritty 
matrix. The sandstone is compact, massive, and highly 
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resistant to weathering. The sandstones exhibit profuse 
developmnt of planar and trough cross-beddings with rippLe 
marks and parting lineations on bedding surfaces. The strike 
of the formation varies from WNW to ESE and dips (<10°) 
towards NE and ENE directions. Prominent sets of joint 
trends are NW-SE, WNW-ESE, NE-SW, NNW-SSE and NNW-SSW, most 
of them being vertical (GSI, 1977). In addition, horizantal 
bedding and joints are also noted at several places. 
The general geological succession, as worked out 
by the author, in the area is as follows: 
Quaternary Alluvium and laterite 
Unconformity 
Upper Cretaceous Deccan Trap (Basalts) 
tc Eocene 
Unconformity 
Upper Pro te rozo ic Vmdhyan Bhander Sandstone, sha l e 
Supergroup Group and conglomerate 
Deccan Trap; 
The Upper Bhander Sandstone occurs as an inlier 
surrounded by the Deccan Trap (Fig. 1) . It forms low-lying 
areas below or slightly above 500 m contour level (GSI, 
1977). The ground forms an undulating topography due to 
folding and erosion of Vindhyan rocks. The traps are mostly 
covered by thick black soil. At places, the Deccan Trap form 
low-lying hills and can be seen near Shahpura area. 
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C H A P T E R II 
LITHOFACIES ANALYSIS 
GENERAL REMARKS 
The concept of a facies, widely used to unreveal 
the history of the depositional environment and its 
products, is a recent development in sedimentology. The term 
'Facies' was first discussed and described by Potter (1959), 
but was used in the sense we now imply by the term "facies 
assemblages". A facies assemblage is essentially 
descriptive, whereas a facies model attempts to provide an 
interpretation of a particular type of facies assemblage in 
terms of depositional environments. Walker (1979) attempted 
to describe the process of constructing a facies model, 
using turbidites as a model example. 
Nowadays, the meaning of the word facies has been 
much discussed in geology (Moore, 1949; Teichert, 1958; 
Krumbein and Sloss, 1963; Miall, 1990). It is widely used in 
sedimentary geology, but also has a somewhat different 
meaning in the area of metamorphic petrology. Reading (197 8) 
provides an excellent discussion of the modern 
sedimentological uses of the term, and also the methods of 
interpreting individual facies relationship. Accordingly *A 
facies is a body of rock with specified characteristics'. In 
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sedimentary sequence, it is designated by colour, 
stratification, composition, texture, fossil content and 
sedimentary structures. 
With this aim the Upper Bhander rocks of the 
Vindhyan basin around Bhopal were carefully examined on 
several outcrops during the course of field work, and the 
following data were colleted in respect of sedimentary 
facies: 
(1) identifying sedimentary facies on the basis of colour, 
grain size and sedimentary structures. 
(2) examining each facies for its geometry, sedimentary 
characters, and contacts between them in vertical/horizontal 
plane, and sketching the sequence to the scale in detail, 
wherever necessary. 
LITHOFACIES DESCRIPTION 
Overall, seven lithofacies are recognised in the 
Upper Bhander Sandstone of the Bhopal area. These 
lithofacies were named and coded individually, following a 
scheme of Miall (1977, 1978) . The attributes of each 
lithofacies are outlined below, followed by an 
interpretation of their probable mode of origin. 
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Planar and Trough Cross-bedded Sandstone Facies (Sp-St): 
Planar (Sp) and trough (St) cross-bedded 
sandstones is the most voluminous facies. It constitutes 
most of the sequences examined in the area, comprising about 
50-60 % of the sandstone (by volume). The sandstone appears 
dirty white to ferruginous on outcrop. It is medium to 
coarse grained. The planar cross-bedding occurs mostly in 
cosets (Fig. 2) than single sets and is widespread in 
sandstone bodies in the upper part of the sequence. 
Elliptical foresets of St-facies as on bedding surfaces are 
about 60-80 cm wide and 0.50-1.70 m in length (Fig. 3). The 
trough cross-bedded sandstone bodies locally convoluted due 
to soft sediment deformation (Figs. 4 and 5), and are 
truncated by reactivation surfaces. The sequence generally 
comprises of a basal erosional surface overlain by a thin 
(4-6 cm thick) intraformational fine-pebbly conglomerate. 
Sandstone bodies exhibiting these features as a basal 
scoured and erosional surfaces embaded with subangular to 
subrounded clasts of qu^rtzite including minor fragments of 
clay rip-ups. The contact between foresets and bottomset 
laminae is slightly tangential. Beta cross-stratification, 
with planar erosional bases, and gama cross-stratification 
(Allen, 1963), with irregular scoured bases often occur • 
locally. At places, multiple sets of planar cross-bedding 1 
(Omikron cross-stratification) with asymtotic foreset 
F i g . 2 : Well developed large scale planar cross-bedding in 
medium gra ined sandstone of Upper Bhander Sandstone, 
Sukhisewaniyan, Bhopal a rea . 
F i g . 3 : Large scale trough cross-bedding in medium grained 
sands tone , Ramanandnagar, Bhopal a r e a . 
u 
Fig. 2 
Fig. 3 
Fig. 4: Photograph showing locally convoluted feature due to 
soft sediment deformation and matrix-supported 
conglomerate, Wireless colony, Bhopal area. 
Fig. 5: Photograph showing large scale trough cross-bedding. 
Wireless colony, Bhopal area. 
15 
^ 
Fig.A 
Fig.5 
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laminae (Allen, 1963) also occur frequently. 
The planar cross-bedded sandstone unit is 
attributed to down current migration of sand waves (Harms 
and Fahnestock, 1965; Harms et al., 1975) or transverse bars 
(Smith, 1972). whereas, the trough cross-bedding occurring 
in cosets may be formed by the migration of dunes 
(Collinson, 1970; Smith, 1971), or megaripples (Karcz, 
1972). Sporadic occurrence of asymptotic foresets appears to 
have been associated with the development of a stroiig 
separation by eddy during flood stage (Collinson, 1970). 
Occasional presence of mud clasts in this facies might have 
been produced due to collapsed of marshes associated with 
the meandering tidal creeks. These mud clasts appear to 
have been transported into the channels where they become 
incorporated within cross-bedded channel deposits. 
Conglomeratic Facies (Cg-S); ; 
The conglomeratic facies is very coarse, with an 
average mean pebble diameter of 4.5 cm and often strewned 
with the boulders greater than 25 cm in diameter. Pebbles 
and boulders are generally subangular to subrounded and 
disperse within the conglomeratic facies. Sorting 
(dispersion) is commonaly poor (>1.00) and rarely moderate 
(0.70-1.00). White and pinkish quartzite form the 
predominant clasts types, whereas, red jaspar occurs 
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sporadically. This facies is about 1-1.5 tn thick, but 
pinches out within a distance of about 0.5 km. Channels up 
to 2.5 m deep and 15-20 m wide are occasionally present. 
They show their orientation towards west-northwest (300°-
330°), which resemble to paleoflow directions deduced from 
associated planar cross-bedded sandstone facies. The best 
outcrops of this facies are seen at Bhadbhada and 
Sukhisewaniyan areas. 
However, two types of conglomerates occur in this 
facies, one is matrix-supported (Fig. 4) and the other 
clast-supported (Fig. 6) . Matrix-supported types are most 
common and occur at the base of the sequence. The clast-
supported conglomerates are more abundant higher up in the 
stratigraphic succession. Contacts between the intercalated 
cross-bedded sandstone units are regular and often erosional 
in the matrix-supported variety. While the clast-supported 
type frequently displays irregular upper and basal erosional 
contacts and appears to be a channel deposits (Fig. 1) . 
Imbrication is not apparent in the matrix supported 
conglomerates but is often seen in the clast-supported 
types. The matrix-supported conglomerates display no size-
grading of clasts, but an upward-fining is often noticeable 
in the clast-supported varieties. 
The matrix of the conglomerates consists of medium 
to fine grained, poorly to very poorly sorted lithic-
Fig. 6: Photograph showing clast-supported 
Wireless colony, Bhopal area. 
conglomerate. 
Pig. 7: Photograph showing irregular upper and basal erosional 
contacts in clast-supported conglomerate, Gandhinagar, 
Bhopal area. 
18 
Fig.6 
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Fig. 7 
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arenites and sublitharenites (based on petrographic study 
discussed separately in Chapter-IV). The intercalated 
f 
pebble-free sandstones are similar in composition to the 
matrix. These are commonly plane-bedded and rarely exceed 
1.0 m in thickness. They persist lateraly for tens of meters 
where associated with the matrix-supported conglomerates, 
but tend to pinch out along strike where intercalated within 
the clast-supported variety. Planar and trough cross-bedded 
sandstone (Sp-St) facies separate some individual 
conglomerate units of the clast-supported type, and often 
grade laterally into these conglomerates. The overall 
conglomeratic sequence exhibit progressive coarsening, from 
sandstone through sandstone and conglomerate interbeds 
(Fig. 8). 1 
i ( \ 
The facies sequence generally begins with cross-
bedded sandstones, siltstones, and conglomerates. The 
sandstone beds (0.5-1.0 m thick) are overlain, in places, by 
a thin (0.5 m thick) pebble layer, which in turn is overlain 
by medium to fine-grained (0.5-1.0 m thick) sandstones 
followed successively by crudely stratified conglomerate 
i 
(Fig. 8) and sandstone layers, of up to 3 m thickness. The | 
upper surfaces of the conglomerate lenses are generally 
f 
covered with symmetric surfaces bed forms (up to 40 cm j 
high), with wavelengths of about 1.0 m. Singnificantly, the • 
crest of the bed forms are oriented generally eastwest * 
F i g . 8: Photograph showing p rogress ive coars ing in conglomerat ic 
s e q u e n c e , and h o r i z o n t a l l y l a m i n a t e d medium g r a i n e d 
s a n d s t o n e , W i r e l e s s c o l o n y , Bhopal a r e a . 
F i g . 9 : Photograph showing s h e e t - l i k e f ea tu re with f l a t t o 
s l i g h t l y s c o u r e d b a s e s , w i r e l e s s c o l o n y , Bhopal a r e a . 
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Fig.8 
--S^5i 
Fig. 9 
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82°-265°) 
It is evident from the conglomerate facies 
assemblage that this facies may have originated in two 
different sedimentary subenvironments, discussed in 
Chapter-V. 
The conglomeratic facies exhibit some features 
similar to those of beach deposit. The indication in favour 
of this environment are the interbedded sandstone with low-
angle cross-beds exhibiting their foreset azimuths towards 
northwest. Thickness of Cg-S facies (up to 2.0 m) , the 
channelled base with occasional groove marks (Singh, 1980) 
and extensive development of cross-bedding almost indicative 
of fluvial over a beach environment. The low-angle dipping 
surfaces may possibly be interpreted as lateral accretion 
structures. Thin lenses of conglomeratic units may have been 
deposited during chaotic flood. Laterally extensive (up to 2 
km) interbedded sandstone and conglomerate with isolated 
lenses (15-20 cm thick) of shale siltstone commonly occur in 
Bhadbhada and Sukhisewaniyan sequences near Jain temple and 
Gandhinagar colony (Fig. 2). 
Crudely Stratified Massive Sandstone Facies (Sm): 
The massive sandstone facies is ferruginous and 
dirty white in colour and commonly medium to fine grained. 
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It contains scattered granules (2-4 min in diameter) of 
quartzite and red jasper. In most sandstone units, the 
granules and small pebbles are more abundant espacially 
towards the base (Figs. 4 and 7), but, nevertheless, they 
are dispersed within the sandstone without preferred 
orientation or alignment along the faintly developed 
stratifications. The pebbles are subangular to subrounded 
with a mean size of 4 cm . The sandstone bodies are sheet-
like and extend laterally for about 100's of meters, with 
flat to slightly scoured bases (Fig. 9) . This facies is 
almost devoid of features indicative of subaerial and 
desiccation exposures. 
Elsewhere, the massive sandstone facies occurs as 
vertically and laterally stacked units, but it is generally 
isolated within the crudely stratified unit. This facies 
exhibit semicylindrical scoured form, with gently sloping 
sides. 
The crudely stratified massive sandstone facies 
(Sm) of the Bhander Sandstone may possibly have been 
deposited by rapid fallout of sand from suspension without 
time for development of well preserved internal organization 
within the beds. Presence of semicylindrical erosion 
surfaces have in the past been attributed to the transverse 
scours rather than channels (Jones and Rust, 1983). They may 
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also formed due to the collapse of channel banks, causing 
the loading of major bedforms in the channel and the 
liquefaction of sand in their foresets to fill asociated 
transverse scours. Such type of erosion surfaces may be 
attributed as bank failure (Rust and Jones, 1987) which 
occurs mainly during flood stages (Laury, 1971) . The 
overall, massive texture of the sandstone indicates that 
sand in the bank was liquefied, although fine clastic 
components in the floodplain setting largely retained their 
integrity. The semicylindrical erosion surfaces below 
massive sandstone of the Upper Bhander Sandstone probably be 
attributed to modified slump scars. They may be associated 
with the retrogressive failure of loosely packed, cross-
stratified sand in the river draining the Bhander sediments 
, probably in response to rapidly falling flood stages (Rust 
and Jones, 1987). 
Horizontally Laminated Sanstone Facies (Sh); 
This facies comprises essentially of horizontally 
laminated and current lineated, white to ferruginous fine to 
medium-grained sandstone (Fig. 8) . It occurs in unit up to 
1.5 to 2.0 m in thickness. Laminae are typically defined by 
concentration of mica, although reddish/ferruginous bands 
with scattered subrounded quartz pebbles, granules, and 
occasional rip-ups are also present. The sandstone bodies 
2A 
extend laterally for a few tens of meters, and are 
interbedded with cross-bedded sandstone (Sp, St) . Parting 
lineations may occur on bedding surfaces. The Sh- facies 
grades vertically into planar and (or) trough cross-bedded 
sandstone facies (Fig. 2). 
The presence of current lineation in Sh-facies, 
and the common upward transition into cross-bedded sandstone 
facies suggest that this facies was deposited during upper 
flow regime plane bed which developed beneath flow of high 
velocity or low depth (Reading, 1978). The Formation of 
hoizontal laminations in the Upper Bhander Sandstone most 
probably favoured by the fine grain size of the sediment 
and assisted by the deposition in very shallow water 
environment. The abundance of horizontal laminations have 
also been reported from the fan delta due to the development 
of longitudinal bar during ephemeral flooding (Smith, 1971,-
Willis et al., 1972). Local preservation of cross-bedded 
sandstone unit occurring in association with this facies 
indicate prevalence of a shallow, high energy environment 
during deposition (McGowen and Groat, 1971; Smith, 1971; 
Willis et al., 1972). Similar association of Sh-facies with 
Sp and St have been described from tidal intlets and tidal 
channel deposits (Coleman and Gagliano, 1964) . Scattered 
quartz pebbles/granules and mud rip-ups, most likely has 
25 
developed in sandy tidal channels and intertidal mudstone 
channels (Casshyap and Aslam, 1992; Aslam, 1993). ; 
Ripple-drift Cross-laminated Sandstone Facies (Sr): 
This facies represents the fine elastics component 
of sediment assemblage, displays parallel laminations or 
small scale ripple-drift cross-laminations (Fig. 10) . It 
commonly occurs in the upper parts of cross-bedded sandstone 
facies (Sp, St) forming an upward-fining sequence or is 
inter-bedded with Sh-facies. The Sr-facies occurs in cosets 
I 
more than single sets with thicknesses 10-<5 cm; in some 
places there is an upward increase in foreset amplitude is 
observed. At places, thin mud/siltstone occurs on the lee 
surface of small scale-ripples, exihibiting features of 
tidal riple-drift cross-lamination described by Chanda and 
Bhattacharyya (1974). This facies is commonly asociated with 
Sp and St-sandstone facies. The Sr-facies most commonly 
occurs in association with poorly defined flaser and 
lenticular bedding (Fig. 10). 
The Sr-facies seems to be the product of migrating 
small currents ripples (Allen, 1963), or may have formed 
during occasional periods of storm in the intervening 
periods of low sediment influx (Schieber, 1986) or during 
intermittent intertidal environment (Cheng, 1982). 
Occurrence of Sr-facies in successive cosets has been 
Fig. 10: Photograph showing ripple-drift cross-laminated 
sequence, Jain temple, Bhopal area. 
Fig. 11: Photograph showing herringbone cross-bedding, 
Gandhinagar, Bhopal area. 
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Fig.10 
2F 
attributed due to the downward migration of small scale 
I 
ripple under regular sediment supply (Allen, 1963) . They 
are widely reported from tidal flats( Reineck, 1967) 
i 
environments where it develops due to increase in current' 
velocities (Chanda and Bhattacharyya, 1974; Flemming, 1977). 
Herringbone Cross-stratified Sandstone Facies (S-hb): 
Sandstone bodies in which planar cross-bedding 
foresets (Sp) show opposite directions are here defined as 
S-hb facies (Fig. 11) . This facies is charectrised by fine 
to medium grained white sandstone. Individual sandsto^ie 
bodies of this facies may vary from 0.5 to 1.0 m in 
thickness. Thin ( 10-30 cm ) shale is occasionally present 
between two such sanstone bodies in a vertical sequence. S-
hb facies is locally developed in Bhadbhada and Gandhinagar 
sections where this facies overlies the ripple laminated 
fine grained sandstone facies. 
Reading (1978) and Reineck and Singh (1980) 
attributed these sedimentary structures as the diagnostic 
feature of tidal environments of nearshore (barrier 
associated) deposits (Moore, 1979). Clifton and Thompson 
(1978) attributed these structures to have formed in 
intertidal and shallow subtidal environments. 
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Channel Sandstone Facies (Ch); | 
S 
The channel sandstones are generally massive 
(Figs. 7 and 12) displays side-fill structures and grade 
upwards into laminated siltstone/shale and fine-grained 
(Figs. 12 and 13) . The channel is filled up by fine-grained 
I 
sandsone and siltstone inter-beds exhibit minor deformation 
structures which may possibly be formed due to slumping,_ a 
feature described from Holocene tidal channel deposits 
(Roberts et al., 1977). Isolated rippled sandstone with 
minor cross-beds exhibits bidirectional current patterns, 
may correspond to either flood and/or ebb tidal currents. 
Similar tidal channel structures have been documented from 
the marginal coastal areas ( Reineck and Singh, 1973) but 
they may or may not necessarily be restricted only to tidal 
deposits (Kumar and Sanders, 1974; Hobday and Home, 1977). 
Fig , 12: Photograph showing well exposed channel sand bodies 
w i t h m a s s i v e s i d e - f i l l s t r u c t u r e . W i r e l e s s c o l o n y , 
Bhopal a r e a . 
F i g . 1 3 : Photograph showing a l t e r n a t e beds of f ine g r ined 
s a n d s t o n e and s h a l e , Ramanandnagar , Bhopal a r e a . 
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Fig. 12 
Fig.13 
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C H A P T E R I I I 
PALEOFLOW ANALYSIS 
INTRODUCTION 
Paleocurrent studies have received a great deal of 
attention by sedimentologists during the last three decades 
or so because of their increasing importance in basin 
analysis. Reconstruction of river morphology and their 
hydrodynamics in ancient deposits has also been engaging the 
attention of sedimentologists in recent years for a full 
understanding of the depositional system. 
In recent years Potter and Pettijohn (1963, 1977), 
McKee (1966), Klein (1970), Smith (1972), Picard and High 
(1973), and Miall (1976, 1990) have given detailed and (or) 
critical accounts of this method. However, the Vindhyan 
rocks have not been adequately studied so far, except for 
local studies in adjoining areas of the basin (Banerjee and 
Sengupta, 1963; Banerjee, 1964, 1982; Misra, 1969; Mhtar, 
1973; Akhtar and Srivastava, 1976; Ghauri, 1979). 
Literature reveals that there is no published report on 
paleocurrent study of the Bhander Sandstone of the study 
area. It was, therefore, most appropriate that paleocurrent 
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study should be undertaken to determine paleocurrent in this 
part of the Vindhyan basin. 
METHOD OF STUDY AND DATA PROCESSING 
Study of cross-bedding dip azimuth is a reliable 
method to establish the direction of depositing currents, 
especially, if the cross-bedded sequence occurs in cosets 
(Smith, 1972; Harms et al., 1975). This is true also for 
ripple-drift cross-laminations. The Upper Bhander sandstone 
of the study area shows profuse development of cross-bedding 
and sandstone interbeds commonly exhibit ripple-drift 
laminations and horizontal bedding. The outcrops showing 
successive sets of cross-bedding are those considered for 
the present study in view of their greater reliability to 
determining paleocurrent direction (Miall, 1976). 
Downcurrent azimuths of foreset surfaces were measured fpr 
planar cross-beds wherever exposed in vertical sections and 
trough cross-beds as and where exposed on bedding surfaces. 
Most cross-bedding measurements were taken along 
the readily available vertical (a-c) and bedding (a-b) 
planes following the procedures outlined by Pelletier (1958) 
and Potter and Petti John (1963) . In order to have a more 
precise understanding of the paleocurrent distribution in 
the area on a local and regional scale, and also to avoid 
32 
human bias, it was decided to collect paleocurrent data 
according to a pre-designed hierarchical sampling plan 
(Olson and Potter, 1954; Potter and Olson, 1954; Loof and 
Hubert, 1964; Casshyap, 1968; Ghauri, 1979). Depending upon 
the availability of well exposed cross-bed outcrop, 4 to 8 
exposures were selected from each sector of about a 2 Km 
area, and 5 to 17 readings of foreset dip azimuths were 
taken from each exposure. Following this sampling design, 
the Upper Bhander Sandstone were examined at 3 sectors, 
respectively, to cover the entire area, and cross-bedding 
readings were taken from a total of 41 exposures (Table-2). 
DATA PROCESSING 
The modal distribution of cross-bedding were 
obtained by plotting the orientation data, grouped in 30-
degree class-interval, as a series of rose diagram for 
selected outcrops and sector level respectively. The mean 
current direction and standard deviation were calculated by 
the trignometric vector method (Curray, 1956). The magnitude 
of the resultant vector in terms of percent or normalisfed 
vector strength, L (Potter and Pettijohn, 1963) was 
calculated to measure the degree of concentration of foreset 
azimuths at the corresponding sampling level, the greater L 
the greater the concentration. Table-2 gives the vector 
mean, vector strength at exposure and standard deviation and 
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variance at the sector level, respectively. The mean 
orientations of cross-bedding foresets for each exposure and 
sector are shown in Figures 14 and 15 with arrow heads to 
aid in interpreting current direction. 
For deciphering current pattern in each sector, 
cross-bedding data are grouped and plotted as rose diagrams 
separately for northeastern (Sukhisewaniyan sector), 
northwestern (Gandhinagar sector), and southwestern 
(Bhadbhada sector) (Fig. 15 and 16) . The corresponding mean 
value, standard deviation and variance are also listed 
alongside (Fig. 16) and shown in Table-2. 
DISPERSAL PATTERN 
As stated earlier, the Upper Bhander Sandstone of 
the study area is characterised by coarse to medium and fine 
grained cross-bedded sandstone, conglomerate and thin lenses 
of shale. The Bhander sequence exhibits coarsening and 
fining upward cycles, discussed in chapter-V. 
Frequency distribution of planar cross-bedding 
azimuths for some typical outcrops of the three sectors, 
discussed earlier, is shown as rose diagrams in Figure 15. 
The planar cross-bedding commonly exhibits unimodal 
distribution with modal class oriented south-southwest 
(240°-270°) and northwest (300°-330°) , locally bimodal 
34 
Fig 14 Map showing location of the provenance of Upper Ehander 
^and-^tone Bhopal area 
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Fig. 15: Map showing paleocurrents d i s t r i b j t i o n p a t t e r n of Upper 
Bhar.dei Sanclptone, Bhopal area . 
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F i g . 16; Rose diagrams showing p a l e o c u r r e n t d i s t r i b u t i o n p a t t e r n 
a t s e c t o r and l o c a l i t y l e v e l of Upper B h a n d e r 
S a n d s t o n e , Bhopal a r e a . 
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distribution shows southerly (210°-240°) and westerly (255°) 
modes (Fig. 15) . Vector mean direction of cross-beds at 
outcrop level shows a wide span of distribution ranging from 
south-southwest (240°-270°), through west (255°) to north-
northwest (358°) as recorded in Table-2, and is also evident 
from paleocurrent maps in Figures 14 and 15. 
The foreset azimuthal data, from all outcrops 
lumped to yield data at sector level, is plotted graphically 
as rose diagrams shown in Figure 16. The corresponding 
statistics including vector mean, variance, standard 
deviation are listed in Table-2 and also shown alongside in 
Figure 16. Interestingly, foreset azimuths at sector level 
display unimodal to bimodal distribution patterns for most 
cross-beds (Fig. 15) , with principal and subsiding modes 
oriented respectively towards southwest (210°-240°) and 
west-northwest (300°-330°). -Generally speaking, vector 
strength (L) is of high magnitude (up to 97%) at outcrop 
level and seldom lower than 69%, but decreases (80-61%) at 
sector level(Table-2), signifying greater consistency of 
depositional system in small area of outcrop size than in 
large area of sector level. 
The summary diagram of cross-bedding orientation 
(Fig. 15) is used to illustrate the dominant dispersal 
pattern of depositional paleocurrents for the Upper Bhander 
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Sandstone of the study area. The estimated paleocurrent 
directions for three sectors are 225+36°, 302±56°, and 
330+55°, implying that the depositing currents brought the 
bulk of the sediments into this part of the Vindhyan 
depositional basin largely and consistently from the 
southeast and northeast directions. 
The corresponding variability (variance) around 
vector mean direction for planar cross-beds ranges from 
1298-3139. For the same depositional system higher variance 
has been reported for planar cross-beds (Dott, 1973; Aslam, 
1987, 1993) because of frequent development of different 
types of sand bars i.e. (transverse, diagonal, longitudinal 
etc.) like in braided river systems (Casshyap, 1973). Pryor 
(I960,) has emphasised that "probably the most important 
factor controlling the variance and standard deviation of 
dispersal pattern is the amount of slope of the depositional 
surfaces the greater the amount of slope, the smaller the 
variance and standard deviation". It is most likely, 
therefore, that the slope of depositional basin in this area 
gradually became gentle as sedimentation progressed. The 
progressive change in the amount of paleoslope may have 
controlled, in part, the tidal channel pattern of the 
depositing streams. The bimodal pattern of the cross-beds in 
the Upper Bhander Sandstone, lower values (L= 61%) of vector 
magnitude, and higher variance (S^ = 3139) may imply large 
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azimuthal dispersion in selective areas ( particularly 
around Gandhinagar) due perhaps to intermixing of nearshore 
coastal environment including tidal, longshore and storm 
currents (Klein, 1985; Casshyap and Aslam, 1992; Aslam, 
1993) . 
Table (2): Paleocurrent statistics of cross-bedding azimuth 
recorded on outcrop of the Upper Bhander Sandstone of Bhopal 
area. 
D i r e c t o o n a l 
S t r u c t u r e 
O u t c r o p No/ 
s e c t o r ( P l a n a r 
c r o s s - b e d d m g ) 
(1) 
No. . of 
r e a d i n g s 
(N) 
(2) 
V e c t o r 
mean 
(0V) 
(3) 
V e c t o r 
s t r e n g t h 
{L%) 
(4) 
V a r i a n c e 
(S) 
(5) 
S t a n d e i d 
d e v i a t i o n 
(S^) 
(6) 
SUKHISEWANIYAN 
Amoni 
1. 9 240 96 
2. 8 251 92 
Sukhisewaniyan Railway-Crossing 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
14 
10 
9 
13 
12 
8 
282 
255 
280 
358 
358 
304 
85 
92 
92 
87 
86 
98 
40 
: i ) (3: (4: (5) :6) 
dbhac 
9. 
10. 
ia Ghat 
16 
9 
240 
252 
87 
93 
Vikas Puri 
GHANDHINAGAR 
1 1 242 97 
12 3 1 1 92 
13. 
14. 
15. 
Jain Temple 
16. 
17. 
18. 
19. 
20. 
21. 
Ramanand 
22. 
23. 
24. 
25. 
Nagar 
13 
11 
9 
10 
8 
16 
11 
16 
13 
7 
15 
9 
5 
343 
272 
258 
36 
308 
342 
277 
6 
283 
28 
283 
318 
213 
76 
87 
93 
97 
97 
77 
83 
81 
93 
97 
88 
93 
97 
41 
(1) 
Shamla H; 
26. 
27. 
28. 
29. 
Wireless 
30. 
31. 
32. 
33. 
34. 
ill 
(2) 
14 
10 
10 
07 
Colony 
17 
12 
13 
07 
11 
(3) (4) 
BHADBHADA 
355 
24 
242 
320 
329 
348 
340 
225 
272 
88 
97 
92 
91 
69 
78 
77 
92 
87 
(5) (6: 
Bhadbhada Colony 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
08 
14 
12 
11 
09 
10 
07 
26 
319 
5 
276 
328 
27 
225 
97 
93 
86 
92 
97 
97 
92 
Sukhisewaniyan Sector 
98 225 
Gandhinagar Sector 
a. 156 302 
88 
77 
1299 
3139 
36 
56 
42 
( 1 ) (2 ) (3 ) (4 ) (5 ) (6; 
b. 51 
c. 105 
Bhadbhada Sector 
172 
19 
282 
330 
92 
85 
61 
27908 
1041 
3057 
167 
32 
55 
43 
C H A P T E R IV 
PETROGRAPHY, CLASSIFICATION AND PROVENANCE 
TEXTURE OF SANDSTONE 
INTRODUCTION 
The purpose of textural studies of Upper Bhander 
Sandstone in the study area include grain-size and roundness 
characteristic with a view to understanding the process and 
nature of deposition. Several workers have, in the past, 
attempted to relate statistical parameters of grain-size 
distribution to different environments of deposition. Some 
workers have employed various analysis involving the use of 
grain-size parameters in various combination as 
environmental indicators. Review of grain-size parameters 
and their relationship with depositional processes have 
frequently been published by Folk (1966) , Chappell (1967), 
Moiola and Weiser (1968), Visher (1969), Amaral and Pryor 
(1977), and Friedman (1958, 1979). An early study by 
Doeglas (1946) has demonstrated that grain-size distribution 
are a mixture of two or more population produced by vairying 
transport conditions. He described a curve of different 
shape (Figs. 17-20) and related them to specific sedimentary 
environment. 
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Inman (1949) made an important contribution to 
understanding the texture and its relationship to sediments 
dynamics. He reconised that there are three fundamental 
modes of transport, surface creep, saltation and suspension, 
and he utlised the concerning knowledge of fluid mecanism. 
METHOD OF STUDY 
Fifteen thin sections were selected for the study 
of grain-size analysis. Grains were measered with the help 
of micrometer eyepiece. A total of 250-300 grains were 
counted per thin section as suggested by Friedman (1958). 
The grain diameter was measured down to 0.03 mm (5(t>) and ajLl 
the grains less then this limit was treated as 'clay or 
matrix' (Spencer, 1963). The measured data were grouped in 
half the interval of Wentworth (1922) grade scale and the 
number frequency percentages were recalculated as number 
cummulative percentage. The recorded data in phi (<()) units, 
were plotted as cummulative curves separately for each 
sample on arithmatic graph paper. The grain diameter in phi 
units represented by ^5, c^ l6, ^25, ()!)50, (/)75, ^84 and (f)95 
percentiles were computed. Relevant statistical attributes 
of grain size distribution for each sample were calculated 
and interpreted following Folk and Ward (1957) and Folk 
(1980) . The results have been recorded and presented in 
Table-3. 
49 
Tabla (3): St»ti»tic»l par«D«t«r« of flr«in-«ix» distribution of Dppar Bhandar Sandaton* around 
Bbopal, baaad on Folk's (1980) mathod. 
Sampla liz ~ Varbal Limit SKj Varbal Limit Kcj Vaibal Limit 
Humbar 
J 2.73 0.60 Hodarataly wall aortad +0.30 Fina akawad 1.11 Maaokurtic 
5 2.83 0.60 Modarataly wall aortad +0.05 Naar symmatrical 2.28 Vary laptokurtic 
7 2.60 0.70 Modarataly wall aortad +0.23 F m a skawad 0.86 Platykurtic 
9 2.70 0.60 Hodarataly wall aortad +0.18 Fina skawad 1.00 Maaokurtic 
11 1.83 0.60 Hodarataly wall aortad -0.03 Naar symmatrical 1.12 Laptokurtic 
12 2.82 0.60 Hodarataly wall aortad +0.03 Naar aymmatrical 1.00 Masokurtic 
14 2.70 0.60 Hodarataly wall aortad +0.13 Fina skawad 1.29 Laptokurtic 
16 2.00 0.70 Hodarataly aortad -0.26 Coarsa akawad 1.30 Laptokurtic 
17 2.10 0.70 Hodarataly wall aortad -0.03 Naar symmatrical 1.26 Laptokurtic 
19 2.14 0.70 Hodarataly aortad -0.01 Naar aymmatrical 1.38 Laptokurtic 
21 2.62 0.50 Well aortad -0.36 Strongly eoaraa akawad 1.64 Varylaptokurtic 
22 2.40 0.50 Hodarataly wall aortad -0.36 Strongly eoaraa akawad 1.39 Laptokurtic 
3* 3.70 0.64 Hodarataly wall aortad -D.ll Coara* akawad 1.12 Laptokurtic 
25 1.50 0.90 Hodarataly aortad -0.18 Coaraa akawad 1.05 Heaokurtic 
27 2.00 0.60 Hodarataly wall sortad -0.10 Naar aymmatrical 1.11 Maaokurtic 
(Graphic maan « Hi; Incluaiva Graphic Standard Daviation « fi ; Inclusiva Qrapbic Skawnass « Ski; 
Graphic Kurtoaia E %,) 
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STATISTICAL PARAMETERS 
Folk's (1980) statistical parameters of grain-size 
determined for the Upper Bhander Sandstone samples have been 
described below: 
Mean Size (Mz): 
The mean size (Mz) is calculated with the help of 
followimg formula: 
016 + (^50 + 084 
Mz = 
The mean size of various samples under study 
ranges from 1.5o to 3.70 (Table-3). Thus in various samples 
mean grain-size is not uniform. The variation in mean grain-
size of studied sediments suggets that during deposition of 
the sediment currents were probably not of uniform strength. 
Inclusive Graphic Standard Deviation (rj): 
The following formula is employed for determining 
the Inclusive Graphic Standard Deviation: 
084 - cj)ie 095 - (^5 
^r = + 
4 6.6 
•j values of the studied samples range from 0.50 to 0.90 
(Table-3). Out of 15 samples, 11 samples are moderately well 
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sorted, 2 of them are moderately sorted and one sample is 
well sorted (Table-3). Sorting of the sediments depends upon 
the competency and stability of currents. The samples of the 
studied area are moderately well sorted to moderately 
sorted, which indicate currents of moderate competency and 
persistency. 
Inclusive Graphic Skewness (SKj): 
Inclusive Graphic Skewness is calculated with the 
help of following formula: 
(pl6 + c|)84 - 2 c;f)50 (/)5 + c|)95 - 2 c/)50 
SKi - + 
2 ((/)84 - (^ 16) 2 (cpSB -(/)5) 
The Inclusive Graphic Skewness values of the 
sample under study ranges from - 0.36 to + 0.30. Out of 15 
samples 6 are near symmetrical, 4 samples are fine-skev/ed, 3 
samples are coarse-skewed and 2 samples are strongly skewed 
(Table-3). 
Graphic Kurtosis (Kg); 
The formula used for the determination of Graphic 
Kurtosis is as follows: 
(f)95 - i>5 
2.44 (075 - 025) 
52 
Kurtosis values of the studied samples ranges from 
1.64 to 2.28. Out of 15 samples, 7 samples are leptokurtic, 
5 samples are mesokurtic, 2 samples are very leptokurtic and 
one sample is platykurtic (Table-3). 
ROUNDNESS 
Roundness of a sedimentry particle depends on the 
sharpness of its edges and corners. Roundness has often been 
used interchangeably with shape, but infact it is 
fundamentaly different from and independent of shape. 
Wadel (1932) defined roundness as the ratio of the 
average radius of curvature of the several corners and edges 
to the radius of curvature of the maximum inscribed sphere. 
Russell and Taylor (1937) and Krumbein (1940) have used two 
dimensional images of particles to measure roundness. 
Russell and Taylor (1937) proposed five roundness classes 
but their class limits were not systematically chosen and 
the arithmatic means of the class intervals were used as mid 
points. Krumbein (1940) presented nine different roundness 
values which being very close together often posed 
difficulty to decide which roundness class to assign a 
particle under observation. Pettijohn (1949) modified the 
above scale by using a geometric scale. 
In this study roundness scale given by Powers 
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(1953) has been employed. This scale has six roundness 
classes in such a way that the class limits closely 
approximate a A72" geometric scale. 
Fifteen thin sections of the Upper Bhander 
Sandstone were used for the roundness of sand particles. The 
roundness data and the mean roundness of individual sample 
is given in Table-4, and their composite roundness 
(frequency distribution) is shown in figure-21. In various 
samples grain roundness ranges from very angular to well 
rounded. However, in most samples majority of the grains are 
subangular to rounded. The distribution of roundness is 
invariably unimodal with subrounded class as the modal 
class. The modal class of different samples contain 21.30 to 
47.00 percent grains. 
The generalised grain roundness distribution based 
on aggregate data of 15 samples is unimodal (Fig. 21) . The 
modal class of the aggregate distribution is the subrounded 
class and contain 35.50 percent grain. The mean roundness of 
the individual samples ranges from 0.40 to 0.46 (Table-4). 
For the aggregate distribution the mean roundness is 0.42 
(Fig. 21). 
COMPOSITION OF SANDSTONE 
In the present study the detrital minerals of the 
Upper Bhander Sandstone have been identified and described. 
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Tabl* (4)I Roundn*ai of quartx grains ot Oppar Bbandar Bandatona around Bhopal. 
Roundnasa Claaa (attar Powara, 1S53) 
Sa&pla Numbar Vary Angular Subangular Subroundad Roundad Mall Haar, 
Numbar of Angular Roundad Round 
grains (0.12-0.17) (0.17-0.25) (0.25-0.35) (0.35-0.49) (0.49-0.70) (0.70-1.00) 
113 19 22 
12 
12 26 0.44 
82 0.42 
95 18 28 30 
17 32 
25 27 
21 
18 
77 14 25 21 0.42 
77 35 14 0.41 
22 14 0.41 
12 33 0.42 
27 14 20 0.42 
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The detrital mineralogy has been studied: (1) to establish 
the petrographic classification of the sandstone, and (2) to 
depict the nature of provenance. 
Although detrital modes of sandstone suites 
primarily reflect the different tectonic settings of 
provenance terrains. Relief, climate, transport mechanism, 
depositional environment, and diagenetic chenges all can be 
important secondary factors in the determining the detrital 
composition of sandstones. 
In the present study, the detrital mineral 
composition of Upper Bhander Sandstone was evaluated in 15 
thin sections. The sandstones are mainly medium to fine 
grained. For quantitative analysis about 250-300 grains were 
counted, and method adopted by Griffiths (1967). The 
sandstones are generally moderately well sorted to well 
sorted, subrounded to rounded. In the studied sandstones 
long contacts are abundant followed by concavo-convex, 
point, sutured and floating grains. The sandstone comprises 
on average 94.0 to 97.0 percent quartz, 1.0 to 3.0 percent 
rock fragments, 1.0 to 2.0 percent mica (muscovite and 
biotite) , less than 1.0 percent feldspar and heavy minerals 
(opaque, zircon, tourmaline, rutile and epidote). 
QUARTZ TYPES 
The most common mineral in the studied sandstone 
is quartz forming on average 95.0 percent by volume (Table-
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5) . The quartz grains are subrounded to rounded. On an 
average approximately two third of the detrital quartz is of 
igneous origin (common quartz). The remaining detrital 
grains belong to recrystallised metamorphic and stretched 
metamorphic quartz types. Quartz types have been identified 
on the basis of Folk's (1980) classification. 
Common Quartz : 
Common quartz constitutes 80.0 to 87.0 percent and 
averages 85.0 percent of the detrital fraction. The quartz 
grains appear generally in monocrystalline form with usually 
clear appearance having few inclusions of tourmaline, mica 
and opaques (Fig. 22) . Common quartz grain generally show 
straight to slightly undulose extinction. 
Recrystallised Metamorphic Quartz; 
It forms 3.0 to 7.0 percent by volume and on 
average 4.5 percent of the total detrital constituents. It 
occurs in the form of polycrystalline grains (Fig. 23) . The 
grains are generally fine to medium with equant to subecjuant 
posture. This type of quartz shows straight to highly 
undulose extinction. 
Stretched Metamorphic Quartz: 
It constitutes generally l.o to 2.0 percent and 
averages nearly l.O percent of detrital constituent. It 
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Tabic (5)I Modal analyses (in percent) of tha Uppar Bhandar Sandstone of the study Area 
SanpleiMonocry- j Polycrystalllne quarts |Reworked{Total |Roek 
Istalline | Isediaen- |quarti | frag-
NunberI quarts |Stretched |Reerystalllsed|tary | {ments 
I Inetamorphiclaetanorphlc |quartz | | 
I I quarts [quarts | | i 
Mica I Feldspar I Heavy 
{Minerals 
I 
86. 0 1.0 5.0 5.0 97 .0 3.0 1.0 
95.0 2 0 2.0 1.0 
84 . 0 2 . 0 4.0 
7.0 
4.0 
«.0 
94 . 0 3.0 2.0 
94.0 3.0 2.0 
6. 0 7.0 97.0 2.0 1.0 
12 5.0 96.0 2.0 1.0 
84.0 2.0 6.0 95.0 3.0 1.0 1.0 
85.0 4.0 94.0 3.0 2.0 1.0 
17 86. 0 2.0 4.0 96.0 2.0 1.0 1.0 
7.0 3.0 95.0 3.0 2.0 
82. 0 4.0 6.0 94.0 3.0 1.0 1.0 1.0 
95 . 0 3.0 2.0 
4.0 5.0 96.0 2.0 1.0 
25 86. 0 6.0 5.0 97.0 1.0 1.0 
85. 0 1.0 5.0 4.0 95.0 2.0 1.0 1.0 1.0 t 
Fig. 22: Photograph showing subangulai to subrounded grains 
of monocrystallme and pollycrystallme quartz, xlO, 
Fig. 23: Photograph showing polycrystallme -recrystallised 
metamorphic quartz', x40. 
Fig. 24: Photograph showing polycrystallme 'stretched 
metamorphic quaitz', x40. 
r^  i35m 
F ig .22 
Fig. 23 
Fig.2A 
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I 
occurs in the form of polycrystalline grains which are 
elongated and contain elongated subindividuals with sutured 
or crenulated boundaries (Fig. 24). The subindividuals show 
straight to highly undulose extinction. 
Reworked Sedimentary Quartz: 
It constitutes 3.0 to 7.0 percent and averages 
nearly 5.0 percent. It is characterised by abraded 
overgrowth (Fig. 25), which is generally identified by iron 
coating over the pre-existing quartz grains. 
ROCK FRAGMENTS 
Rock fragments comprise 1.0 to 3.0 percent of the' 
total detrital fraction and average 2.3 percent. The 
fragments include grains of chert (Fig. 26) and those 
derived from low rank metamorphic, such as phyllites and 
siltstone. The phyllite fragments are observed generally in 
the coarse fraction in the form of clay matrix formed 
probably due to mechanical compaction. The chert grains show 
recrystallisation in to microcrystalline quartz. 
MICA 
The detrital grains of muscovite and biotite are 
common variety of the mica that occurs in these rocks. 
Muscovite is colourless in plain polarised light and 
Fig. 25: Photograph showing reworked sedimentary quartz, xlO 
Fig. 26: Photograph showing subrounded chert grain, xlO. 
Fig. 27: Photograph of muscovite flakes showing compaction 
effects,XlO. 
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Fig.25 
Fig. 26 
Fig. 27 
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exhibits flaky appearance and high order pink and blue 
interference colour under cross-nicols. The percentage of 
mica ranges from 1.0 to 2.0 percent. In some thin section 
the mica grains have been observed to curve around other 
detrital grains (Fig. 27) . This kind of behaviour may have 
been adopted during compaction of sand. Biotite grains 
belong to two varieties and are identfied as brown and green 
types. 
FELDSPAR 
Feldspars form less than 1.0 percent and 
generally include orthoclase and plagioclase grains. The 
grains show alteration along cleavage and dusty patches. The 
mineral inclusions are present and are rare more common than 
in quartz grain. 
HEAVY MINERALS 
The five heavy minerals species have been 
identified which include opaque, zircon, tourmaline, rutile, 
and epidote in order of abundance. 
Limonite and hematite are the dominant opaque 
minerals in the studied sandstone and occur as subrounded to 
rounded grains. Limonite was identified by its yellowish 
brown and hematite by its reddish brown colour in reflected 
light. Magnetite recognised by steel grey colour with 
\ 
Fig. 28: Photograph showing well developed zircon grain with few 
mineral inclusions,x40. 
Fig. 29: Photograph showing development of silica cement as 
overgrowth around detrital quartz grains, xlO. t 
63 
Fig.28 
Fig. 29 
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metallic lustre while illmenite occurs as irregular grains 
of brownish colour. 
Colourless variety of zircon the most commonly-
occurring heavy mineral. Light yellow variety also occurs 
next to it. Most grains show abraded and subrounded to 
rounded margins. Some are pyramidal in shape (Fig. 28). 
Tourmaline occurs as subrounded to rounded grains. 
In order of abandance two distinct variety of tourmaline, 
brown and reddish brown have been identified. 
Rutile is present as subangular to subrounded 
grains of reddish brown colour. The grains have a dirty 
appearance and show admantine lustre in reflected light. The 
grains generally show pleochroism. 
The most abundant variety of epidote is 
'pistacide' type which is common in the sandstone. The 
grains generally show weak pleochroism. 
CEMENT 
The Upper Bhander Sandstone has got silica as well 
as iron oxide cement. Quartz overgrowths are clearly 
demarcated from the detrital grains through thin coating of 
opaque material. In some grains overgrowths are quite large 
and occur as pyramidal and prismatic growth (Fig. 29) . In 
few grains corrosion has formed embayment in the 
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overgrowths. The embayments often are filled with brownish 
clay materials. The iron oxide cement occurs in the form of 
coatings around detrital grains and also form patches. 
Patches of iron oxide cement often show replacement and 
corrosion of detrital grains. In few thin sections empty 
voids also appear surrounded by thin coating of iron oxide. 
CLASSIFICATION OF UPPER BHANDER SANDSTONE 
The problems of classification of sedimentary 
rocks were first seriously tackled by Grabau (1904) . Later 
it was renewed by Shrock (1946, 1948), Krynine (1948), 
Pettijohn (1948, 1954) and Rodgers (1950). The status of 
sandstone classification has been reviewed by Klein (1963), 
McBride (1963), Okada (1971) and Pettijohn et al (1972). 
Folk's (1980) classification scheme based on the 
composition of detrital framework constituents was employed 
to classify and designate the present study area. The 
essential constitutes are alloted to one of the three 
following pole. 
Q Pole : included all types of quartz including 
metaquartzite. 
F Pole : included all single feldspar grains plus 
granite and gneiss fragments. 
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QUARTZARENITE 
Pig. 30: Fetrographic classification cf Upper Bhander Sandstone, 
Bhopal area (Based on Folk's, 1960 scheme). 
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L pole : included all other rock fragments (chert, 
slate, phyllite, schist, volcanics, limestone, 
sandstone, shale). 
The present study area sandstone samples comprises 
on the average 95.0 percent quartz, 2.3 percent rock 
fragments and less than 1.0 percent feldspar. 
On the basis of percentage of three end members, 
15 samples have been plotted on Folk's (1980) classification 
triangle (Fig. 30) . All the fifteen samples falls in the 
guartzarenite class. 
PROVENANCE OF SANDSTONE 
The term provenance has been used to embrace all 
the factors relating to the production or 'birth' of 
sediments. It refers primarily to the source rocks from 
which the sediments were derived. Each type of source rock 
tend to yield a distinctive suite of minerals which 
therefore constitute a guide to the character of that rock. 
But the composition of sediment is not determined solely by 
the nature of the source rock; it is also a function of the 
climate and relief within distributive province which 
determines the maturity of the residues derived from such a 
province. The depiction of source rock composition of the 
Upper Bhander sandstone under study is mainly based on 
classification proposed by Krynine (1948) taking into 
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consideration with the nature of detrital quartz and 
modified by Pettijohn (1975) and Folk (1980) . The dominant 
constituent of detrital mineral of sandstone is 
monocrystalline quartz (average 85.0 percent) follwed by 
polycrystalline type (average 4.5 percent). Quartz appears 
to have mainly derived from plutonic or volcanic igneous, 
metamorphic or pre-existing sedimentary rocks. Mono-or 
polycrystalline quartz in sandstones appears to have been 
derived from plutonic igneous rocks. Distinction between 
igneous and metamorphic quartz is mainly based on 
inclusions, shape, and extinction. 
Common quartz forms the predominant constituent in 
the sandstones. It appears to have been derived mainly from 
granite-batholiths or granite-gneisses. Recrystallised 
metamorphic quartz and stretched metamorphic quartz occur 
subordinately. percentages. Recrysrallised metamorphic 
quartz has probably been derived from recrystallised 
metamorphic or highly metamorphosed and gneissic rock. 
Stretched metamorphic quartz of the studied sediment is 
probably derived from granites or schists. 
Sandstone commonly contain rock fragments along 
with the usual quartz grain. In coarser size fraction, rock 
fragments are generally easily identified. As size 
decreases, identification becomes more difficult in thin 
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section. Rock fragments include chert, siltstone and 
phyllite fragments. They indicate an association of low rank 
metamorphic rock in the source area. 
Presence of mica may be associated with schist and 
gneiss plutonic igneous rocks and volcanic source in the 
provenance. Muscovite predominates due to more common 
stability in sediments than biotite. 
Feldspar constitute a very small percentage (<1.0) 
of the sandstones and is not so helpful in indicating the 
composition of source area. Feldspar requires not only 
suitable climate to eliminate but also adequate time for its 
decay. The presence or absence of feldspar is therefore 
appears to be an outcome of balance created between the 
ratio of decomposition and erosion. Feldspar which occurs in 
low percentage (<1.0 %) in the studied sandstones might have 
probably been derived from pre-existing granite, gneiss and 
pegmatite. 
In the studied sandstone all the samples show a 
reasonable proportion of opaque minerals which consists 
essentially of hematite and limonite. The presence of these 
grains indicate a possible contribution from acidic igneous 
rocks, low/ high grade metamorphic rocks. Zircon, toum\aline 
and rutile appears to have been derived from pegmatite, 
schist and granite. Epidote may be related to metamorj)hosed 
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igneous rock in the provenance. 
The abundant quartz bearing clean sand in the 
study area comes probably from gneisses, guartzite and 
intrusive granites. The paucity of feldspar indicates 
intense weathering. Low rank metamorphic source rock are 
represented by fragments of phyllite, mica (muscovite and 
biotite), epidote and brown tourmaline. Moreover, the 
presence of high rank metamorphic rocks are represented by 
metamorphic quartz. Acidic igneous rocks are represented by 
micas, zircon, igneous quartz, epidote while basic igneous 
rocks are represented by rutile. 
The source rock of Upper Bhander Sandstone with 
all probability include granite gneisses, low and high grade 
metamorphic rocks and some basic rocks. Such kind of rock 
containing the above mentioned mineral suits are lying in 
NE-SE direction from where they were eroded and transported. 
This is also attested by the current direction depicted with 
the help of various paleocurrent indicators. Since older 
sequence of Bijawar lies in NE-SE direction may have 
contributed to the source area for Upper Bhander rocks of 
study area. 
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C H A P T E R V 
DEPOSITIONAL ENVIRONMENT 
The ultimate aim of the present study is to unfold 
the sedimentation history of the Upper Bhander Sandstone 
outcroping in the surrounding areas of Bhopal in Central 
India. In recent years there has been a increasing interest 
and emphasis on the synthesis of sedimentary facies, Eacies 
assemblages, and depositional environments (PettiJohn, 1975; 
Reading, 1978; Reineck and Singh, 1980; Miall, 1990). The 
sedimentological evidences collected from facies analysis, 
paleoflow analysis, and petrography are used for 
understanding the depositional history of the given 
sediments. Facies analysis, in particular, provides evidence 
for the reconstruction of major and minor environments of 
deposition and attending hydrodynamic processes operating 
during the deposition of the Upper Bhander sediments. 
Paleoflow analysis and petrographic study provide useful 
evidence in respect of paleodrainage, composition and 
location of the provenance. 
The heterogeneous assemblage of conglomerate/pebbly 
sandstone, interbedded sandstone, conglomerate, and shale 
constitute the Upper Bhander Sandstone of the Bhopal area 
exhibits facies association and sediment characters similar 
to those which characterised a deltaic and tidally 
influenced deposits. 
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Evidence from sedimentary facies, their vertical 
relationship, facies code, average grain size, paleoflow, 
and environmental interpretation for each sector, as 
summerised in columnar diagrams in Figure-31 form the basis 
for reconstructing the depositional domain of the Upper 
Vindhyan rocks (Upper Bhander Sandstone) of Bhopal area. 
The planar (Sp) and trough (St) cross-bedded 
sediments of the Upper Bhander Sandstone may have been 
forroed by the migration of 3-dimentional subaqueous dunes 
and waves respectively. These facies commonly overlie 
conglomeratic lenses in most of the sequences and pass 
vertically into either horizontally laminated sandstone 
facies (Sh) or ripple-drift laminated facies (Sr) within the 
same set as reported earlier in chapter-II. In most of the 
sequences the ripple cross-laminated fine sand and 
siltstone/shale facies, commonly truncated, implying that 
the distributary channel of the delta probably meander to 
form point-bar as widely reported from many fluvial point-
bar sequences (Walker and Cant, 1984). The solitary sets of 
planar cross-bedded associated with trough cross-bedded 
sandstone facies (Sp-St) showing an orientation toward 
south-southwest and north-northwest may be attributed to 
migration of diagonal bars of tidal channels. The 
horizontally laminated facies (Sh) consisting of fine to 
medium sandstone occurring in association with cross-bedded 
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or ripple-laminated sandstone facies may possibly have been 
formed either to a falling stage of the current system where 
large bedforms were planned off by waves breaking over them 
(McGowen and Garner, 1970) . The plane-bedded sandstone 
facies may have also been formed by an upper flow regime 
plane-bed condition, usually formed in shallow water 
environment. Frequent occurrence of thinly laminated fine 
grained sandstone/shale may indicate periodic floods which 
were more frequent in the Sukhisewaniyan and Bhadbhada areas 
(Fig. 31A, B). 
The conglomeratic sequence, as shown in Figure-
3IB, C, exhibit features similar to those developed by beach 
processes or by storm-formed beach berms deposits. It seems 
that the berms may possibly have developed towards eastwest 
of the study area, although the dip of some observed 
imbricate pebbles are oriented toward northwest, suggests a 
transverse or an oblique wave action. If it is true, the 
occurrence of conglomeratic lenses (Fig. 31C) appear to have 
been developed by the process of offshore gravel bars. It 
is also likely that conglomerates/pebbles were transported 
northwest ward by storm currents and that the presence of 
symmetric bed forms in there sequence were possibly formed 
by powerful oscillatory storm waves which have reworked the 
bottom sediments. The developement of sharp based 
conglomerates were probably originated by stroms as widely 
W '^ 
O w 
* • 
Is \ \ \ \ / \ \ ^ 
1° 
O t -
xw 
•P0 9 
MOOd 
k C 
3 e 
£ ~ a ifl 
• v« I 
9 >-r a^ a r k a «> a 
i i\ ^^^1\ A \ 
o 
en 
C 
o 
•r-t 
CO 
c 
E 
re 
re 
c 
o 
N 
1-
O 
X 
re 
re 
6 0 OO 
c c 
0) Q) 
I I 
o o 
c 
o 
• H 
4-1 
00 re 
"xJ re re 
^ I 1-1 
1 in O 
o 
4-1 
o 
re DO 
re re 
03 O 0) 
O V- T) 
O 4-1 
4J C 
C -H E 
O V- -H 
j3 -a Ti 
DO I <U 
C 0) 03 
• H . - I 
v- a 4.) 
(U . t - l O 
X Pi W 
III ^ f F^  
cu 
^ 
c 
cu o C u 
O 03 
XJ x> 
03 C 
X) re 0 
C 03 C 
re o C/3 <U 4J CD 
03 03 C 
>^ V- T5 O 
i-l re C 4-1 
^ 0 re 03 
J3 O 03 -O 
cu c 
CL > ^ ' 0 re 
^~^ >- CU 03 
0) Q) C 
iJ > -H X) 
re re c l- 0 l-- -H 
o 4J DO re 
E U 
0 CU E DO 
r-l 03 n 1 Q) 
CO V- .H 0) r-^ 
c re x> c re 
0 0 CU -r-l £ 
o o 5: u. c/2 
t» • 
o • 
o « 
• 
t 
• 
;.• 
,•', 
•_ . 
1, |l i 
0) 
c 
o 
4-1 
« 
T i 
C 
ro 
C/3 
M 
03 
•O 
C 
(0 
CO 
S^  
03 
a 
a 
D 
M-l 
o 
T3 
f3 
E 
03 
03 
-H 
U (0 
14-J 
•o (13 
03 
- H 
r-t 
(0 
V^  
03 
c 03 
i H 
m D. 
n 
£ 
CQ 
T) 
C 
D 
0 
u 
o 10 
0) 
S J « ) a u j u! « | 0 3 9 
75 
reported from many coastal areas (Wright and Walker, 1981). 
Modern examples of storm-formed symmetric conglomerate bed 
forms similar to Bhadbhada (Fig. 31B) and Gandhinagar areas 
(Fig. 31C) have been described by Gillie (1979) and Yorath 
et al (1979) in water depths up to 20.0 meters. 
Interestingly, the water depth during deposition of Upper 
Bhander Sandstone is reported to be more than 10.0 meters 
(Banerjee, 1982). Gillie (1979) has observed such 
conglomeratic beds in water depths as shallow as 5.0 meters. 
In contrast to these assumptions, the beach conglomerates 
generally have a gradational and sharp bases, which are 
often repeated by several conglomeratic layers and produce a 
size gradation in a vertical sequence. Interestingly, the 
conglomeratic sequences of the study area ranges from 0.5-
3.0 m in thickness. The beach conglomerates are believed to 
be a little thicker than the local tidal/longshore currents, 
the thickness variations in these sequences may probably due 
to the construction of storm berms above the high tide 
level, as reported by several workers (Hamblin and Walker, 
1979; Yorath et al., 1979; Wright and Walker, 1981). 
From the exposed sequences (3.0-8.0 m thick) of 
the conglomeratic facies (Fig. 31B, C) , it seems that the 
seaway was generally microtidal (tide and wave up to 2.0 m)" . 
The laterally continuous conglomeratic beds of the 
Gandhinagar area may possibly indicate deposition by a 
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longshore redistribution flowing west-northwest of the study-
area. It is suggested that during Upper Bhander time the 
storm waves may possibly have touched the bottom sediments 
which caused the formation of these conglomeratic beds and 
subsequently have been reworked periodically by higher storm 
and/or tidal currents. Occurrence of thin (0.5 m thick) 
conglomeratic beds in association with fine grained 
sandstone and shale of the Bhadbhada area were probably 
produced by longshore/storms currents, when a significant 
erosion of the seafloor took place of the nearby 
coastal/nearshore areas. When they were deposited the 
currents were still too strong to allow settlement of fine 
grained sediments and silt which were swept by storm 
backsurge and came to rest on top of conglomeratic beds 
(Fig. 31B). In several sections the shale contain abundant 
sandstones and flat pebbly/ conglomeratic beds. Scours are 
common features at the base of the coarse clastic beds, and 
cross-bedded sandstone is also prsent. All these features 
suggest that interbedded shale have been deposited in fairly 
shallow watre environment. 
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C H A P T E R VI 
SXJMMARY AND CONCLUSIONS 
The present study is mainly concerned with 
sedimentological investigation of Upper Bhander Sandstone 
exposed in the surrounding areas of Bhopal district, Madhya 
Pradesh. The strata, by and large, consist of sandstone, 
conglomerate, interbedded sandstone and conglomerate with 
minor amount of shale. 
Altogether seven lithofacies are recognised in the 
studied sandstones. These lithofacies were recognised on the 
basis of Miall's (1977, 1978) scheme. 
Planar (Sp) and trough (St) cross-bedded sandstone 
form the most voluminous facies in the studied sandstone and 
have been attributed to down current migration of sand waves 
or transverse bars or may possibly have been formed by the 
migration of dunes or megaripples. The conglomerate facies 
(Cg-S), which occurs embedded in coarse to medium grained 
sandstone appears to exhibit some features similar to those 
of beach or longshore deposits. Massive sandstone facies 
(Sm) is ferruginous in nature and contains scattered 
granules of guartzite and red jasper, which have been 
deposited by rapid fall of sand from suspension without time 
for development of well preserved internal .S-S^Jli^^ 
Ace No. 
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within the beds. The horizontally laminated sandstone facies 
(Sh) occurring in association with current lineated white to 
ferruginous, fine to medium grained sandstone suggest 
deposition during upper flow regime plane-bed which 
developed beneath flow of high velocity with probable low 
water depth. Ripple-drift cross-laminated sandstone facies 
(Sr) seems to have been produced by the migration of small 
current ripples. The deposition may have taken place during 
occasional periods of storm in the intervening periods of 
low sediment influx or in related intermittent ihtertidal 
environment. Herringbone cross-stratified sandstone facies 
(S-hb) indicate features of tidal and subtidal environment 
related to nearshore deposits. Channel sandstone facies (Ch) 
indicate a marginal coastal areas. Such facies pssibly may 
or may not be restricted only to tidal deposits. 
Paleocurrent study, based on 582 readings, brings 
out two important drainage patterns, one oriented towards 
south-southwest and northwest, and locally bimodal 
distribution shows southerly and westerly modes. However, 
vector mean direction at outcrop level shows a wide span of 
distribution ranging from south-southwest through west to 
north-northwest. 
Textural parameter of fifteen sandstone scimples 
reveals the sandstone are medium to very fine grained, 
moderately well sorted to well sorted, near symmetrical to 
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fine skewed and leptokurtic to mesokurtic. Petrographically 
these sandstones are classified as quartzarenite, since most 
of the sandstone samples contain 94.0 to 97.0 percent quartz 
grains with a lesser amount of feldspar. 
The grain roundness ranges from very angular to 
well rounded. However, in most samples majority of the 
grains are subangular to rounded. The mean roundness of the 
individual sample ranges from 0.40 to 0.46 and for the 
aggregate distribution the mean roundness is 0.42. 
The detrital mineralogy has been studied to 
establish the petrographic classification of sandstone and 
to depict the nature of provenance. Detrital quartz is 
predominant constituent forming nearly 95.0 percent by 
volume. Most of the detrital quartz is interpreted to be of 
igneous origin in which common quartz (plutonic) varieties 
are abundant. The remaining detrital grains of quartz belong 
to recrystallised metamorphic and stretched metamorphic 
types, both appear to have been derived from metamorphic 
source. 
Rock fragments averages 2.4 percent include chert, 
phyllite and siltstone. Mica grains average 1.4 percent and 
include both muscovite and biotite. Feldspar form less than 
1.0 percent and generally included orthoclase and 
plagioclase grains. 
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Five heavy mineral species were recognised which 
include opaques, zircon, tourmaline, rutile and epidote. 
The Upper Bhander Sandstone has got silica as well 
as iron oxide cement. Quartz overgrowths are clearly-
demarcated from the detrital grains through thin coating of 
opaque material. Iron oxide cement occurs in the form of 
coating around detrital grains and also form patches. 
The study of detrital mineralogy of study area has 
demarcated the presence of varieties of rock type in the 
provenance. Low rank metamorphic source rocks are 
represented by phyllite fragments, micas, tourmaline and 
epidote. High rank of metamorphic rocks are represented by 
metamorphic quartz and mica. Acidic igneous rocks are 
represented by mica, zircon, igneous quartz, magnetite, 
tourmaline and epidote, and basic igneous rocks are 
represented by illmenite and rutile. The source rocks of the 
study area may include granites, granite-gneisses, low and 
high rank metamorphic rocks and some basic rocks. Such rock 
types are exposed in NE-SE of the study area and 
predominated by Bijawar Group of rock which undoubtedly have 
supplied the material for Vindhyan rocks in the geologic 
past. 
It is most likely that the slope of the 
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depositional basin in this area gradually became gentle as 
sedimentation progressed. The progressive change in the 
amount of paleoslope may have controlled, at least partialy 
the tidal channel pattern of the depositing streams. The 
bimodal pattern of the cross-bedding in the study area may 
perhaps be due to intermixing of nearshore coastal 
environment including tidal, longshore and stormcurrents. 
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